Tacrolimus (TAC) is used sporadically as an immunosuppressive agent for organ transplantation, but its clinical used is limited due to its marked nephrotoxicity. Ocimum basilicum L. (Lamiaceae) (OB) had been shown to possess antioxidant, anti-inflammatory and nephroprotective activity, and effective at improving renal inflammation and glomerular. In our study, we aim to evaluate the efficacy of the OB against TAC-induced mitochondrial nephrotoxicity in CD1 mice. Mice were randomly divided into four groups. Group 1 (control group); administered orally with normal saline (1 mL/kg) for two weeks; Group 2 (OB extract treated-group) (500 mg/kg b.wt) gavaged once/day for two weeks; Group 3 (TAC-treated group) (3 mg/kg b.wt, administered ip once a day for two weeks); and Group 4; (TAC plus OB extract treated-group). Tacrolimus-induced nephrotoxicity was assessed biochemically and histopathologically. The OB extract was high in phenolic content (50.3 mg/g of gallic acid equivalent), total flavonoids (14.5 mg/g CE equivalent). The potential antioxidant efficacy of the extract (IC 50 ) was 24.5 μg/mL. OB pretreatment significantly improved the TAC-induced changes in biochemical markers of nephrotoxicity for instance blood urea nitrogen (BUN), creatinine, total protein, and albumin (P < 0.01, when compared with TAC treated group). Also, it significantly restored the increase activities of TBARS, protein carbonyl (PC) (P < 0.001, when compared to healthy control group) and decreased activities of nonprotein thiol (NPeSH) levels, Mn-superoxide dismutase (Mn-SOD) and glutathione peroxidase (GPx) antioxidants of mitochondria. The nephroprotective efficacy of the OB leaves extract was further evident by histopathological analysis together with the PCNA-ir and Bcl2. The upshot of the present study revealed that the OB possessed significant antioxidant and nephroprotective activity and had a preventive effect on the biochemical alterations and histological changes in TAC-treated mice.
Introduction
The kidney is an excretory organ that executes a critical function in the body. Notably, the metabolism and abolition of therapeutic drugs, xenobiotics, as well as environmental exposures, are remarkable functions. They are exposed to a substantial proportion and a high concentration of drugs and toxins than the other organs [1, 2] . Indeed, drug-induced kidney damage is problematic and accounts for 19-26% of cases with acute kidney injury among hospitalized patients [3] .
Graft rejection and autoimmune diseases can be prevented by using immunosuppressive drugs. TAC is now an accepted primary immunosuppressive agent that could modulate neutrophil infiltration during inflammation [4] . There may be several factors associated with the mechanism of TAC-induced nephrotoxicity for instance augmentation of vasoconstriction factors, such as endothelin or thromboxane, and a decrease in vasodilation factors like prostacyclin, prostaglandin E2, and nitric oxide. TAC can also produce reactive oxygen species (ROS) via triggering of NADPH oxidase pathway and a fracas in antioxidant defense which may be responsible for nephrotoxicity [5] .
It has been found that the green tea extract and polyphenols abrogated TAC-induced nephrotoxicity in mice, rats, and LLC-PK1 cells. Also, they significantly suppressed the increased intracellular reactive oxygen species levels as well as caspase-3 activation [6] [7] [8] . Studies on natural products that may minimize TAC-induced nephrotoxicity are still marginal. It has been found that the Ocimum group of species possess a wide range of chemopreventive and therapeutic activities [9, 10] . Furthermore, extracts of the leaves exhibit-dominant antioxidant activity in several assays models [11, 12] . It has been found to contain linalool, eugenol, methyl chavicol, methyl cinnamate, ferulate, methyl eugenol, triterpenoids and steroidal glycoside known to display antioxidant activities [13] [14] [15] . Therefore, it is entirely possible that the extracts may serve as a remedy for disrupting the activity of environmentally acquired toxins, drug-induced perturbations or toxicity. Thus, the primary goal of the study is to assess the protective efficacy of the OB extract against TAC-induced mitochondrial nephrotoxicity in CD1 mice.
Materials and methods

Plant material and extract preparation
Plant leaves were collected from Tabuk region, authenticated by botanist and the alcoholic extraction was performed. Briefly, 600-800 g of OB fresh leaves were harvested, washed, dried in the shade and subsequently crushed in a grinder. Further, in a tightly covered container, the dried powder of leaves was immersed in 90% ethyl alcohol and was allowed to put for 15 min. Later, moved to a percolator, where it was mightily packed in and allowed to macerate for 24 h at room temperature, followed by slow percolation. The process was repeated until no further extraction was possible, and the obtained residue was transferred to a vacuum desiccator.
Phytochemical screening
Flavonoid estimation
The presence of flavonoid in the extracts was measured by a colorimetric assay as was emphasized by [16] For the calibration curve, rutin was used as a standard and was expressed as mg rutin equivalents (RE) per gram of sample (mg/g).
Analysis of total phenolic content
The accumulated amounts of phenolic content were assessed as reported by [17] . Gallic acid (0.1 mg/mL) was prepared and different concentrations were used for the standard curve and were expressed as mg/g gallic acid equivalent.
Assessment of total antioxidant capacity
2,2-Diphenyl-1-picrylhydrazyl (DPPH) method was used for the estimation of total antioxidant capacity as recorded by [18] . The presence of antioxidants lowers the concentration of DPPH at 515 nm, and the engrossing nature disappears as the process continues. Analysis of the samples was done in triplicates, and the outcomes were calculated as averages. A negative control was taken after adding DPPH solution to 0.1 mL of the methanol.
Animals
The experiments were performed on 40 male CD1 mice weighing 20 ± 2 g and of 10-12 weeks old were procured from the breeding unit of Egyptian Organization for Biological Products and Vaccines (EOBPV), Abbassia, Cairo. The mouse was kept in steel mesh cages and maintained for one week acclimatization period on commercial standard and pellet diet and drinking water ad libitum. The housing cycle was 12:12 h light -dark cycle under controlled temperature (20-22°C) . The animal use implementation was approved by the Institutional Animals Ethics Committee (IAEC) of Tanta University.
Experimental design
For in vivo assessment of TAC-induced mitochondrial nephrotoxicity and its modulation by OB, the overnight fasted mice were administered with intraperitoneal (ip) dose (3 mg/kg) of TAC, once a day for two weeks. They were divided into four groups of 10 animals each. Group 1 (control group)-normal saline (1 mL/kg) for two weeks; Group 2 (OB group) mice were administered daily with OB extract (500 mg/kg b.wt.) for two weeks; Group 3 (TAC treated group); and Group 4; TAC + OB extract group. For co-administration of TAC and OB extract, OB was gavaged after ip administration of TAC for two weeks. The maximal effective dose of OB was selected according to the DPPH radical scavenging activity.
Sample preparation and biochemical analysis
Samples of blood were taken from the orbital sinus, and the serum was separated by centrifugation at 3000 g for 10 min using capillary tubes and renal function parameters were estimated by the autoanalyzer.
Mitochondria from kidney tissues were isolated from the fasted animal by the differential centrifugation method as reported by [19, 20] . Briefly, in an ice-cold isolation buffer containing 0.25 M sucrose, 1 mmol EDTA adjusted by Tris to pH 7.4 tissue was homogenized and centrifuged at 800 g for 5 min. Further, the supernatant was centrifuged for 10 min, and the obtained pellet was resuspended and washed in a 0.25 M sucrose medium. Finally, the pellet was resuspended in a 0.25 M sucrose medium adjusted by Tris to pH 7.4. The protein concentration of the stock suspension was determined by using the Lowry method.
Estimation of mitochondrial lipid peroxidation (mLPO)
m LPO quantification was done by the method of Waseem and Parvez [20] . The reaction mixture consisted of 10 mM BHT, 0.67% TBA and 1% chilled orthophosphoric acid (OPA). The rate was determined as μmoles of TBARS formed/h/g of tissue using a molar extinction coefficient of 1.56 × 10 5 M
Protein carbonyl content
Protein carbonyl content was measured using dinitrophenylhydrazine (DNPH) as described by Sohal et al. [21] . The difference in the absorbance between DNPH treated and HCl treated sample is determined and expressed as nmoles of carbonyl groups per mg of protein, using extinction coefficient of 22 mM −1 cm −1 .
Nonprotein bound thiol
Determination of nonprotein thiol was done by the method described by Sedlak and Lindsay [22] . The results were read from a standard curve prepared from 1 mmol/L solution of reduced glutathione, and the absorbance of the supernatant was measured at 412 nm. NP-SH was expressed as μmoles NP-SH/g tissue DTNB molar extinction coefficient of 13,100M
−1 /cm −1
. 
. Quantitative determination of MnSOD activity
The activity of MnSOD was determined by the method as described by Flohe and Otting [23] . Briefly, mitochondrial pellet suspended in 0.05 M buffer (KH 2 PO 4 -NaHPO 4 /0.1 mM EDTA, pH 7.4) was disrupted by sonication. The supernatant was collected after centrifugation, and 50 μL of the sample was added to 2.9 mL of the reaction mixture (500 mM xanthine, 0.1 mM NaOH and 2 M cytochrome c in the above buffer. The reaction was started by addition of xanthine oxidase(50 μL of 0.2 U/mL in 0.1 mM EDTA), and the change in absorbance was measured at 438 nm and expressed as U/mg of mitochondrial protein.
Measurement of mitochondrial glutathione peroxidase activity
The activity of glutathione peroxidase was assayed by the method described by Flohe and Gunzler [24] . Briefly, Mitochondria (0.1 mg protein/mL) were suspended in reaction mixtures containing (1 mM GSH, 0.4 U of glutathione reductase, 0.22 mM NADPH, 5 mM EDTA and 50 mM Tris−HCl buffer, pH 7.6). t-Butylhydroperoxide was added to start the reaction, and the absorbance was measured at 340 nm for 3 min. One unit of the enzyme is defined as one nanomole of NADPH consumed per minute per mL. Results were expressed as U/mg of mitochondrial protein.
Histopathological examination
The histopathology was carried out according to Scheuer [25] . Briefly, after excision of kidneys, instantly they were washed using chilled saline solution and treated for further bioassays. A small section was straightaway fixed in 10% formalin and later embedded in paraffin, 5 μm sectioned were cut and stained with hematoxylin and eosin (H&E), and examined under a light microscope.
PCNA immunoreactivity and anti-apoptotic Bcl2 assessment
Proliferating cell nuclear antigen immunoreactivity (PCNA-ir) and anti-apoptotic Bcl2 were performed according to Tousson et al., [26, 27] . PCNA stained nuclei and cytoplasmic Bcl2 distribution were examined in deparaffinized sections (5 μm) using an Avidin-BiotinPeroxidase (ABC) immunohistochemical method (Elite-ABC, Vector Laboratories, CA, USA) with PCNA monoclonal antibody or with antirabbit Bc1-2 monoclonal antibody (Dako, Japan; 1:100 and 1:2000, respectively) and mounted on poly-L-lysine-coated glass slides, and viewed using Olympus microscope. Sections were examined blindly at high power. Microscopic fields were randomly selected, and five fields per slide were assessed. Nuclear labeling indices for PCNA (positive nuclei/total number of counted nuclei) were determined.
Statistical analysis
Data are presented as means ± SE for at least six replications for each prepared sample. For statistical analysis, one-way analysis of variance (ANOVA) followed by Student-Newman-Keul's test was done using SigmaPlot, Systat Software program version 11, to assess significant differences among different groups. They were considered to be significant when P < 0.05. 
Results
Quantifiable phytochemical analysis
The potential efficacy of the OB extract used in this study was partly assessed by estimating the content of total phenols, flavonoid and its antioxidant capacity (IC 50 ). The extract was found to be high in phenolic content (50.28 mg/g of gallic acid equivalent), total flavonoids were around 14.54 mg/g of CE equivalent) which might be accountable for its observed antioxidant activity (Table 1) .
DPPH test using the parameter IC50 quantified the free radical scavenging or the potential antioxidant efficacy of the plant extract. The extracts had dose-dependent activity, and the IC 50 value of the extract was found to be 24.5 μg/mL (Table 1) .
Toxicity
During the study, no mortality was recorded in animals. The OB extract was found to be safe and did not produce any side effects in the animals.
Effect on renal damage indicators
Levels of serum creatinine, BUN, total protein and albumin in control, TAC, TAC + OB leaves extract treated mice after two weeks are shown in Fig. 1A , B, C, and D. The level of serum creatinine, BUN was significantly elevated in mice treated with TAC ( Fig. 1A and B) . Pretreatment with the OB extract attenuated the changes in these levels, showing the protective efficacy of the extract. However, the level of total protein and albumin were strikingly altered in TAC-treated group mice as compared to control group (Fig. 1C and D) . The pre-exposure to OB defended the TAC-induced impediment of total protein and albumin.
OB impedes an increase in LPO and PC content in the TAC-exposed group
TAC treated group led to significant augmentation in the content of TBARS (*p < 0.001)( Fig. 2A) and PC (Fig. 2B) compared to control group. In our results, OB pre-exposure (group IV) notably dwindle the level (**p < 0.001-0.001) of LPO and PC contents when compared with TAC-exposed group (group III).
Effect on non-protein thiol (glutathione)
The TAC-treated group (group III) caused a significant diminution (P < 0.001) in NPeSH product in kidney mitochondria when compared with the control group (Fig. 3) . OB pretreatment significantly elevated the content in NPeSH levels as compared to control (p = 0.016). This articulated to the fact that cells acclimatizing preprotection by OB are susceptible to TAC-induced mitochondrial oxidative stress.
OB extracts enhance enzymatic antioxidants after TAC treatment
TAC-treatment (group III) significantly (**p < 0.01) decreased Mn-SOD (Table 2 ) activity in kidney mitochondria as compared to control. There was a -0.43-fold decrease in a TAC-treated group whereas, OB Fig. 2 . Efficacy of OB leaves extract on kidney mitochondrial LPO (A) and PC (B) levels in TAC-induced nephrotoxicity in mice. Bar represents mean ± S.E.N = 10 animals per group. Significance differences indicated by *P < 0.001, compared with normal control group; **P < 0.01, compared with TAC treated group. Fig. 3 . TAC pretreatment affects mitochondrial NPeSH content in mice and ameliorated by OB extract. Bar represents mean ± S.E.N = 10 animals per group. Significance differences indicated by *P < 0.01, compared with normal control group; **P < 0.05, compared with TAC treated group. extracts pretreatment upturned the observed decreased activity of Mn-SOD (Table 2 ). Our result signifies that the observed reduction may be due to the enhancement of superoxide radical formation and the OB pretreatment revitalized Mn-SOD action in kidney mitochondria. Mitochondria from TAC-treated animals showed a significant decrease in the activity of GPx (p < 0.01) when compared to control animals. However, the OB pretreatment resulted in noteworthy augmentation in GPx activity when compared to TAC-treated animals. Alone OB treatment showed no substantial effect in the activities of both the antioxidant enzymes in the mitochondria (Table 2) .
Histopathological alterations in kidney
The histopathological changes in the kidney sections in the different groups are shown in Fig. 4(A-D) and Table 3 . The histological structure of mice kidney sections in control and basil groups revealed the normal structure of cortex and medulla (Fig. 4A & B) . Examination of kidney sections after intraperitoneal injection of tacrolimus at the concentration 3 mg/kg body weight for two weeks revealed severe histopathological changes in the renal cortex and medulla (Fig. 4C , Table 3 ). These changes were increased with increasing the time of injections and concentrations. Treatment of tacrolimus with basil revealed a good improvement (Fig. 4D) . A semiquantitative rating for each slide ranging from normal (or minimal) to severe (extensive damage) was assigned to each component. Severity was graded as absent/ normal (-), very slight ( ± ), slight (+), moderate (++) and severe (+ ++) (Table 3) 5.7.1. Proliferating cell nuclear antigen (PCNA) immunohistochemical changes Cells were PCNA positive if there were brown nuclear staining and negative nuclei not stained and appear blue. The distribution and detection of PCNA expression in kidney sections in the different groups were shown in Fig. 5(A-D) and Table 4 . Strong positive reaction (grade 6) for PCNA expression was observed in the kidney in control and basil groups ( Fig. 5A and B) . A significant decrease in the expression of PCNA was observed in the kidney after intraperitoneal injection of TAC (3 mg/kg b.wt) when compared with the control group (Fig. 5C ). PCNA expression was faint or very low (grade 1) positive reaction in kidney section in treated mice with TAC for two weeks (Fig. 5C and Table 4 ). A significant increase in PCNA expression was observed in kidney section in treated mice with when pre-treated with OB (Fig. 5D ).
Anti-apoptotic Bcl2 immunohistochemical changes
Cells were Bcl2 positive if there was brown cytoplasm staining of the cells and negative nuclei not stained and appear blue. The distribution and detection of Bcl2 expression in kidney sections in the different groups were shown in Fig. 6(A-D) , and Table 4 .Strong positive reaction (grade 6) for Bcl2 expression was observed in the kidney in control and basil groups (Fig. 6A and B) . A significant decrease in the expression of Bcl2 was observed in the kidney after intraperitoneal injection of TAC at the dose of 3 mg/kg b.wt for two weeks when compared with the control group (Fig. 6C) . Bcl2 expression was mild 
Table 3
The severity of damage in the kidney sections in different treated groups.
Histological changes
Control OB TAC group TAC + OB group
Grade: -, Negative; ± , Very slight; +, Slight; ++, Moderate; +++, Severe or marked.
(grade 2, Table 4 ) positive reaction in kidney section of the TAC-treated group. A significant increase in Bcl2 expression was observed when pretreated with the OB extract as compared with a TAC-treated group ( Fig. 6C and D) .
Discussion
TAC, a calcineurin inhibitor widely used in the transplantation but its adverse effects are a significant obstacle in long-term immunosuppressive therapy [28, 29] . The mechanism of TAC-induced nephrotoxicity is less known, but evidence shows that the calcineurin pathway might mediate it. Therefore, in kidney TAC binding proteins are present at a high concentration compared to liver and spleen.
Our preliminary phytochemical finding in this study revealed the presence of phenolic compounds and flavonoids in the alcoholic extract obtained from OB leaves. Redox properties of the phenols permit their action as reducing agents, hydrogen donors and singlet oxygen quenchers [30] . Hence, the OB extract is of value for quantifying the putative role of them as antioxidant agents, for confronting the oxidative stress. In our study, the alcoholic extract of the OB contains proper magnitude of total antioxidant activity, total phenolic and total flavonoids content (Table 1) . Oral administrations of OB extract showed no signs of toxicity and mortality after 48 h in doses up to 3000 mg/ kg, asserting a possibility that the extracts were nontoxic and are safe. Plants with LD values past than 5000 mg/kg are nontoxic.
Mitochondria play an essential role in the cytotoxicities of several drugs and chemicals [31, 32] . In the present work, the observed nephrotoxicity due to immunosuppressive TAC treatment was manifested by marked increases in serum creatinine, BUN clearance, and a decrease in total protein and albumin. The intensities of creatinine and BUN depend on the glomerular filtration rate (GFR). The observed increase in creatinine and BUN may be due to the decrease in the glomerular filtration rate or may be secondary due to the rise of the reactive oxygen species [33] . Previous reports have confirmed that tacrolimus-induced nephrotoxicity is unveiled by arising in the serum levels of creatinine and BUN [34] [35] [36] .
In our study, we have observed a significant rise in the mLPO levels in TAC-treated mice as compared to the control group. It may be due to the enhanced production of ROS. Congruently, other authors also described the similar drift in their studies with a cumulative dose of tacrolimus [35] . OB pretreatment for two weeks instigated the decrease in mitochondrial LPO, showing a protective action against LPO. In 2004, Zhou et al. [37] , reported that tacrolimus significantly enhanced the production of ROS leading to death.
PC is a universally accepted biomarker of protein carbonyl accumulation and oxidation of protein. TAC pretreatment aggravated the increase in protein oxidation and OB pretreatment restored the levels in insolated kidney mitochondria (Fig. 2) .
For sustaining proper energy supply and function of tissues, mitochondrial homeostasis is crucial, and its abundance is determined by biogenesis, fission/fusion, and mitophagy. Oxidative stress-induced mitochondrial biogenesis has also been reported in various tissues and cells [38, 39] . It was shown that during normal cellular processes ROS generated are instantaneously detoxified by endogenous antioxidants like GSH, catalase, GR, GRx, GST,etc., but the unnecessary accumulation of ROS produced by oxidative stress causes a disproportion in antioxidant status leading to lipid peroxidation and GSH depletion [40] . Regarding non-enzymatic antioxidants, NP-SH is the first line of defense against oxidative stress. According to our results, TAC treated mice significantly decreased the NP-SH content in isolated kidney mitochondria. OB pretreatment considerably restored the NP-SH content (Fig. 3) .
Mn-SOD, one of the critical enzyme found in the mitochondrial matrix, catalyzes the dismutation of superoxide, forming hydrogen peroxide and molecular oxygen [41, 42] . By scavenging superoxide, its activity limits the reaction of superoxide with nitric oxide to form the reactive nitrogen species peroxynitrite. GPx also plays an essential role in the H 2 O 2 detoxification. In our study, we found that both these vital antioxidants (Mn-SOD and GPx) were affected by TAC pretreatment and their reduced activities indicate the accumulation of superoxide radical and H 2 O 2 . OB pretreatment restored the levels of these antioxidants showing its efficacy effect. It is a well-known fact that ROS generation plays a significant role in peroxidation of lipid membranes of the tissue, resulting in subcellular damage as evident in the histopathological examination (Fig. 4) . In our study, the kidney of TAC-treated mice has shown characteristic morphological findings such as glomerular atrophy, degeneration in renal tubules, focal necrosis, hemorrhage, vacuolation, etc. (Table 3 ). It creates an ischemic local environment, which leads to some cellular changes such as deterioration in membrane integrity of the kidney. Similar histopathological modifications including tubular vacuolization, arteriolar hyalinosis, interstitial fibrosis and juxtaglomerular hyperplasia were reported by [36, 43, 44] .
The synthesis of proliferating cell nuclear antigen(a non-histone nuclear protein)directly correlates with the rates of cellular proliferation and DNA synthesis [45] . The nephroprotective efficacy of the OB leaves extract was further revealed by with the PCNA-ir and Bcl2 staining. The mice injected with TAC group showed an abundant increase in the number of PCNA and Bcl2 staining of nuclei which was reduced by OB extracts administration (Figs. 5 and 6 ). The pattern of Bcl-2 expression in normal and diseased glomeruli suggests and supports the reported notion that the mechanism of apoptosis may be increased in the injured glomerulus [46] .
Conclusions
Taken together, OB pretreatment in mice protected against TACinduced nephrotoxicity, at least in part, by enhancing through free radical scavenging activity and this may be due to the presence of antioxidants and flavonoids in the extract. Protective efficacy was complemented by a significant attenuation of oxidative stress parameters in mitochondria isolated from kidney, augmentation in renal function biochemistry as well as the reinstatement of renal structures evinced by histopathological, PCNA and Bcl2 findings.
